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Breeding of high yield upland rice with good eating quality have been developed for many 
years in lndonesia and crossing between aromatic rice ‘明entikwangi' (Mw) and high yielding 
upland rice cultivar ‘Poso' (Ps) was established. Rice blast fungus is recognized as a major 
constraint in rice production， especially in the upland. The objectives of the present study 
were: i) to evaluate field resistance to blast disease of nine high yielding aromatic upland rice 
in lndonesia and i) to determine a resistant aromatic upland rice to blast disease as a parent 
in breeding program of blast resistance in tropical country. Results showed that resistance 
to blast disease var色damong 13 genotypes and was classified in to resistant (7 genotypes) 
and slight resistance categories (6 genotypes). Four high yielding of aromatic upland rice 
genotype (G9， G10， G13 and G34) showed resistance to blast disease and showed high 
performance in yield and yield component characters. lndeed yield of G34 was higher than 
well known upland rice cultivar 'Silugonggo' and its parents， Ps and Mw. Among well known 
upland rice cultivar， the most resistant cultivar 'Situpatenggang' (DI = 11.93%) showed also 
the best yield performance. Only one slight resistance in aromatic upland rice genotype (G 136) 
was comparable in yield with that resistant one and could be also considered as a source of 
high yield genotype in plant breeding program. 
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Introduction countries in al continents where the rice 
Recently the world was confronted with 
serious problems in restrictiveness of food 
supply. The dilemma of increase in food 
demand and decrease in production due 
to climate change contributes to the food 
crisis in the world. Availability of fresh water 
worldwide for agriculture is now decreasing 
due to chemical pollution and salinization and 
reduction of quantity of available water (Baker 
θt a1.， 1999; Kato et a1.， 2006). Climate 
change due to global warming and decrease 
of environment quality caused falling water 
table that become serious problem in many 
countries. Therefore development of efficient 
crops to water consumptlon is very important 
in the future agriculture system in the world. 
Rice (Oryza satIva) is one of the most 
important staple food crops for more than one-
half of the world' s population and upland rice 
is m吋orstaple crop in many upland production 
systems of Asia (George et a1.， 2001; 
J antasuriyaratθt a1.， 2005). Dry land occupies 
more than 8 million ha land in Indonesia 
and only 1.2 million ha land was utilized 
for upland rice production with productivity 
of 2.27 ton ha-I (Anas， 2007; Totolくθta1.， 
2008). Development of high yielding of 
aromatic upland rice is very important to 
impr、ovenot only land use efficiency but also 
eating quality for food supply. Furthermore， 
development of upland rice is also important 
for some area where competition from urban 
and industrial water uses is being greater (Kato 
θt a1.， 2006). However， there are also many 
problems， such as high productivity， drough 
tolerance， and disease esistance， need to 
resolvefor extention of aromatic upland rice 
production. 
問ceblast fungus is a major constraint in 
rice production and is recognized to be a 
serious threat to food security worldwide 
(Zeigler， 1998; Kato， 2001; Jia et a1.， 2002; 
Jantasuriyarat， 2005; Saka， 2006). Rice 
blast disease is distributed over about 85 
plant is cultivated， inboth paddy and upland 
conditions (Kato， 2001). Saka (2006) reported 
that breeding of cultivar with field resistance 
has become a maj or method of crop 
improvement. Combinations of high yield， good 
eating quality and resistance to blast disease 
have become major target for development 
of upland rice that should be incorporated in 
an upland rice cultivar. Therefore breeding 
of high yielding upland rice and resistance to 
blast disease is very important to increase rice 
production in Indonesia. According to this 
purpose， we bred nine high yielding aromatic 
upland rice genotypes from previous research 
and yield stability of these genotypes was 
tested in eight locations of Indonesia (Totok 
et a1.， 2008). However， no information about 
the field resistence to rice blast of selected 
genotypes before subjected to be released as 
candidate of new cultivars. The objectives 
of the present study were: i) to evaluate 
blast disease resistance of nine high yielding 
aromatic upland rice in Indonesia and i) 
to obtain a resistant upland rice genotype 
against to blast disease as a parent in plant 
breeding program， especially breeding of blast 
resistance in tropical country. 
Materials and Methods 
1 . Plant materials 
Nine high yielding of ar、omaticupland 
rice was planted on the field located at 600 
above the sea level at Sumberwulan village， 
Wonosobo district， Central Java of Indonesia 
during June to October 2007. The average 
temperature during experiment was 2TC and 
average rainfall in a month was about 250 
mm. The former crop was also rice. These 
environmental conditions are suitable for blast 
reproduction and were well-known as endemic 
area for blast disease. No artificial inoculation 
of PyrIcu1an'a grICea， a fungi caused blast 
disease， was applied in the field. 
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Four well known rice cultivars of Indonesia 
i.e. ‘Poso' (Ps)， 'Silugonggo' (Slg)ラ
‘Situpatenggang' (Stp)， and 守v1entikwangi'
(Mw)， where Ps and Slg are non aromatic but 
Stp and Mw are aromatic rice cultivars， were 
also planted as comparative cultivars. Thus 
13 genotypes in total were used in the field 
resistance experiment. Ps cultivar is indica 
type and is high yielding upland rice with 
drought resistance character. Mw isjavanica 
type and is low land aromatic rice. Slg and 
Stp are new modern rice cultivars developed 
for adapting to upland and released in 2002 
by Indonesia Ministry of Agriculture. Nine 
high yielding of aromatic upland rice have 
been selected from 25 aromatic upland rice 
genotypes in the previous research. They 
were originated from progeny of crossing 
between Ps and Mw (Totok et aJ.， 2008). 
2.Experimental design 
The field experiment was designed as a 
randomized complete block design with three 
replications. The plot size was 5 x 2.5 m2 
with 25cm spacing within and between plants. 
At each location， Each genotype were sown 
directly in the rate 3 -4 seeds per hole on 
June 6， 2007， and then were thinned to two 
seedlings per hole. No irrigation was applied 
and water supply was only depended on the 
natural rainfall. Fertilizer was applied at the 
rate of 200 kg ha-l of N， 100 kg ha-l P205 
and 100 kg ha-l K20. Half of N together with 
P205 and K20 were applied before sowing， 
and another half of N dosage was applied two 
weeks after sowing. 
Observations of blast disease resistance of 
upland rice include appearance of the first 
disease symptom， scale of damage， disease 
intensity and rate of infection. Scale of 
damage was based on Standard Evaluation 
System for Rice and was divided in to nine 
categories (IRRI， 1996). Disease intensity 
and classification of disease resistance was 




where DI is Disease Intensity; N is number of 
observed leaf; V is the highest numeric value 
of damage category; n isnumber of damaged 
leaf for each category; v is numeric value 
of damage category. Classification of blast 
resistance based on disease intensity is shown 
in Table 1. The rate of infection was observed 
according Plank (1963): 
Xt=Xo. e rl
Where Xt is number of sick plant after t 
period; Xo is initial number of sick plant (t = 0); 
e islog2.718; r israte of infection; t isperiod 
of infection. The rate of infection shows the 
rate of pathogen development per time (Oka， 
1993). 
Table 1圃 Classificationof Blast Resistance 
Disease Intensity (DI) Resistant classification 
0-25% :Resistance (T) 
26% -50% :Slight Resistance (ST) 
51 % -75% :Slight Susceptibility (SS) 
76% -100% :Susceptibility (S) 
Field performance of aromatic upland rice 
was evaluated by collecting data of plant 
height， number of productive tiler per hil， 
number of grain per panicle and dry weight of 
grain per hil from 5 randomly chosen plants 
from each plot. Yield was measured from 1 m2 
effective plots obtained from the middle part of 
each experimental plot without include border 
plants. Data were analyzed using comparative 
description analysis and analysis of variance. 
Different performances among genotypes were 
tested by Duncan Multiple Range Test at 5% 
level according to Steel and Torrie (1980). 
Results and discussion 
1. Blast disease resistance of high yielding 
aromatic upland rice 
Visual observation showed a variation of 
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first appearance of blast disease symptom 
among genotypes. The disease attacked the 
Ieaves and culms in seedIing stage. GeneraIIy 
resistance to blast disease varied among 
13 genotypes and they were cIassified in to 
resistance group (7 genotypes) and sIight 
resistance group (6 genotypes) (Table 2). Ps 
and Mw， the parents of these aromatic upland 
rices genotypes were cIassified as resistant 
and sIight resistance genotype， respectively. 
So unsurprisingly their aromatic upland rice 
progenies were cIassified in to resistant and 
sIight resistant (Table 2). 
Among high yielding aromatic upland 
rice， the earIiest blast disease symptom was 
observed in genotype G 12 and the Iatest was 
in genotype G9 (Table 2). This data was in 
agreement with the disease intensity of these 
genotypes. Genotype G9 was cIassified in 
to resistant group and genotype G 12 was in 
sIight resistance group with 37.07 % disease 
intensity (Table 2). This suggested that the 
earIiest appearance of blast disease symptom 
occurred in high disease intensity genotype 
(not resistant genotype). 
Bonman (1992) and Saka (2006) described 
that there were various types of resistance 
incIuded in field resistance， such as sIow 
blasting and dilatory resistance. Interaction of 
some genes， pathogen race and environmentaI 
factors might contribute to this resistant 
character. Saka (2006) have recommended 
for using field resistance method in breeding 
of blast-resistant plant. However， genetic 
basis and mechanism of the field resistance 
is stiU not fuIIy understood. Various types of 
resistance and various pathogen races might 
incIude in field resistance. 
G9， GI0， G13 and G34 genotypes showed 
resistance to blast disease with 16.33% -23.03% 
disease intensity. While G12， G19， G35， G39 
and G 136 genotypes were sIight resistance to 
blast disease and the highest disease intensity was 
shown by G12 (37.07%) (Table 2). G9 genotype 
showed the Iowest disease intensity (16.33%) among 
high yielding aromatic upland rice genotypes. AI 
comparative upland rice cultivars (Ps， Spt， SIg) 
showed more resistance to blast disease than 9 
high yielding aromatic upland rice genotypes. Ps 
which is indica type of upland rice with drought 
resistance character might have resistant gene 
to blast disease. Jiaθt a1.(2002) described that 
two major resistant genes月二band PI-ta to blast 
disease were originaI from indica rice and have 
introduced into japonica type. 
OriginaI aromatic Iow Iand rice cultivar 
Table 2. The first appearance of blast disease symptom， disease intensity (DI)， resistant 
classification and rate of infection among 13 upland rice genotypes. 
First appearance Disease Resistant Rate of infection Genotype of disease intensity (% ) classification (per unit per day) symptom (day) 
Stp 32 11.93 Resistance 0.074 
Slg 28 14.13 Resistance 0.069 
Ps 28 14.13 Resistance 0.077 
Mw 19 46.70 Slight Resistance 0.082 
G9 27 16.33 Resistance 0.074 
GI0 24 23.03 Resistance 0.090 
G12 20 37.07 Slight Resistance 0.074 
G13 26 19.30 Resistance 0.073 
G19 22 28.93 Slight Resistance 0.087 
G34 26 17.07 Resistance 0.074 
G35 22 27.37 Slight Resistance 0.082 
G39 23 25.23 Slight Resistance 0.083 
G136 24 25.23 Slight Resistance 0.084 
Note: Stp; Situpatenggang， Slg; Silugonggo， Ps; Poso， Mw; Mentikwangi 
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Mw showed highest disease intensity and 
was grouped in slight resistance to blast 
disease. Mw isjavanica type and might have 
no resistant gene to blast disease comparing 
with Ps. Almost high yielding aromatic upland 
rice in the present study was developed from 
crossing between Ps and Mw (Totok， et aJ.， 
2008). High yielding aromatic upland rice 
genotypes were separated in to two groups 
with different blast disease resistance. Four、
genotypes were resistant and others were 
slight resistance to blast disease 
Disease intensity could be used as an 
indicator of blast resistance in field resistance. 
1ncrease of disease intensity was in line with 
the development of plant age due to rapidly 
increase of inoculum' s source in plant after 
the first appearance of symptom. Generally 
increase of disease intensity of blast disease 
was observed in al genotype at 26 day after 
planting (Fig. 1). Disease intensity of al high 
yielding aromatic upland rice was lower than 
aromatic low land cultivar Mw. While disease 
intensity of upland rice cultivars (Ps， Stp， Slg) 
were lower comparing with aromatic upland 
rice genotypes. Breeding of a cultivar with 
field resistance is very important to produce 
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type of resistance might include in field 
resistance test. 
Rate of infection showed rapid development 
after eight times of observation. Genotype 
G 1 0 showed the highest rate (0.09 per unit 
per day) of infection (Table 2). 1t means that 
every day 9 plant of 100 rice plants was 
infected by blast. The lowest rate of infection 
was observed in G 13 (0.07) which was 
classified as resistant genotype. High rate of 
infection was caused by rapid continuity of 
infection cycle of blast disease and lesions 
on leaves become inoculums source for the 
other part of plant or another plant (Kato， 
2001). Rate of infection was determined by 
disease intensity that was in長uencedby gene 
resistance in plant， virulence of pathogen and 
environmental factors (Oka， 1993). Average 
temperature during experiment was around 2TC 
with high rainfall (250 mm per month) and 
located 600 m above the sea level that was 
suitable for blast 
2.Field performance and yield 
Plant height， number of productive tiler per 
hil， number of grain per panicle， dry weight 
of grain and yield were different significantly 










47 79 54 61 68 
Days after planting 
Fig. 1. Development of leave blast disease. 
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Table 3. Plant height， yield component and yield of 1 3 upland rice genotypes 
Plant Number of Number of Grain 
Genotype hei~ht-:';(cm) productive gram per weight per 
tiler女 * hil * * 
Stp 87.70 cde 20.30 b 58.40 j 
Slg 64.00 a 16.70ab 63.30 abc 32.88 e 0.30 de 
Ps 83.70 cde 16.70 ab 57.00 ab 30.92 d 0.15 ab 
Mw 68.70 ab 13.70 a 53.70 ab 16.04 b 0.17 ab 
G9 83.70 cde 17.00 ab 80.70 abcd 34.46 f 0.21 bcd 
GI0 81.00 bcde 16.70 ab 84.00 bcd 35.08 f 0.26 bcd 
G12 82.30 bcde 12.70 a 54.70 ab 18.44 c 0.16 ab 
G13 74.70 abcde 13.70 a 84.70 bcd 36.85 g 0.29 cde 
G19 71.70 abc 13.30a 59.30 abc 31.75 de 0.17 abc 
G34 87.30 de 16.00 a 85.00 bcd 40.51 h 0.40 e 
G35 85.00 cde 13.70 a 48.30 a 9.55 a 0.07 a 
G39 90.00 e 13.00 a 51.00 ab 15.60b 0.07 a 
G136 82.70 bcde 14.70 a 93.00 cd 50.27 i 0.40e 
Note:持 and勢発;significant diference at P= 0.05 and 0.01 by F test， respectively. Value with the 
same leter in a column was not diferent at P=0.05 level by Duncan Multiple Range Test 
significant difference of field performance 
among high yielding aromatic upland rice. 
The plant height varied significantly from 64 -
90 cm. The plant height was the lowest in Slg 
and the highest in G39 (Table 3). Generally 
plant height of al genotype in the present 
study (blast field resistance test) was lower 
than average of plant height in previous yield-
testing at free同blastdisease area (Totokθf 
aJ.， 2008). Kato (2001) described that lesion 
formation of the n-leaf (where n is the top 
developing leaf)， causes shortening of the n 
+ 1 leaf sheath and the n + 2 leaf blade， with 
consequent stunting of the whole plant. 
Plant height of high yielding aromatic 
upland rice was not significant difference 
(Table 3). However， plant height of Mw which 
was considered as susceptible cultivar to blast 
disease was significant lower than others. Mw 
showed highest disease intensity and its plant 
height was significant difference comparing 
with other blast resistance genotype (Stp， Ps， 
G9 and G34) (Table 2 and 3). 
Number of productive tiller per hill 
significantly varied with the genotype at 
present study and ranged from 12.7 -20.3 
(Table 3). Only the number of productive 
tiler per hil in Mw was significant difference 
from Stp (the highest productive ti1ler). 
However G9 genotype that was considered as 
resistant aromatic upland rice to blast disease 
showed the highest number of productive 
tiler. Indeed number of productive tiler of 
G9 was higher than Slg and Ps that were 
classified as drought resistance of upland 
rice cultivars. Two aromatic upland rice G9 
and G 1 0 (resistance to blast) showed same 
performance with Stp. 
Different performance in number of 
productive tiller was shown by genotypes 
in the field with blast disease and free blast 
disease at the previous research. In the 
present study the upland rice cultivar Stp that 
was grouped in to resistance to blast disease 
showed superiority in number of productive 
tiler per hill. On the other handラ Stpshowed 
the smallest average number of productive 
tiler at eight free-blast disease location (Totok 
θt aJ.， 2008). 
Number of grain per panicle varied 
significantly among genotypes and ranged 
from 48 -102 (Table 3). The smallest number、
of grain per panicle was shown in Mw which 
was considered as slight resistance to blast 
disease. Among upland rice cultivars， number 
of grain per panicle of Stp was different 
significantly from Slg and Ps (Table 3). While， 
number of grain per panicle of a1l blast 
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resistance of aromatic upland rice genotype 
(G9， GI0， G13 and G34) was not different 
significantly from Stp (the highest number of 
grain per panicle). Only one genotype G 136 
which was considered as slight resistance to 
blast disease showed same performance with 
Stp in the number of grain per司 panicle.
Grain weight per hil also varied significantly 
among genotypes and ranged from 9.55 -
58.40 g (Table 3). The lowest grain weight 
per hil was observed in G35 genotype which 
was classified as slight resistance to blast 
disease. The aromatic cultivar Mw showed 
also small grain weight per hill. Grain weight 
per hil of al genotype except G 136 which was 
considered as no同resistanceto blast disease 
was significant difference from resistant 
genotypes. Grain weight per hil of slight 
resistance genotype was smaller that resistant 
genotypes. Grain weight per hil of G9， G] 0， 
G13 and G34 was higher than G12， G19， 
G35 and G39. 
Among upland rice cultivars， Stp was 
significant difference from Slg and Ps in grain 
weight per hill. Grain weight per hil of al 
resistant aromatic upland rice to blast disease 
was higher than upland rice cultivars Slg and 
Ps (Table 2 and 3). 
Yield varied significantly among genotypes 
and ranged from 0.07司 0.62kg per m2 (Table 
3). Yield in al blastωresistant genotypes 
were significant different from yield in slight 
resistance genotypes. Generally， yield 
performance of al genotypes except Stp 
in the present study was lower than their 
performance in the field of free blast disease 
at the previous research (Totok et a!.， 2008). 
In the present study， the upland rice cultivar 
Stp which was classified in to resistance to 
blast disease showed superiority in yield. Yield 
of upland rice cultivar Stp was significant 
difference from the others. The lowest yield 
was performed by aromatic Mw that was also 
classified as slight resistance to blast disease 
(Table 2 and 4). 
Yield of high yielding aromatic upland 
rice G34 was different significantly from 
their parents (Mw and Ps). Yield of G34 
was equivalent to 4 ton per ha， which was 
higher than existing productivity of upland 
rice in Indonesia (Indonesia Department of 
Agriculture， 2007). Only one slight resistant 
of aromatic upland rice genotype (G 136) was 
comparable in yield with that resistant one 
and could be also considered as a source 
of high yield genotype in plant breeding 
program. 
As conclusion， this study showed that 
resistance to blast disease varied among 
13 genotypes and these genotypes were 
separated by 7 resistant and 6 slight 
resistance genotypes. Four吋 highyielding of 
aromatic upland rice genotypes i.e. G9， G 1 0， 
G 13 and G34 showed both resistance to blast 
disease and high performance in yield and 
yield component characters. The yields of 
blast凶resistantaromatic upland rice genotypes 
G9， G 1 0， G 13 and G34 were higher than 
their origin parents Mw and Ps， indicating 
these genotyples might be used in breeding 
of blast resistance of aromatic upland rice. 
However， slight resistant of aromatic upland 
rice genotype G 136 might be also considered 
as a source of high yield aromatic upland rice 
in plant breeding program. 
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